Abstract-
I. INTRODUCTION
The escalation in number of connected devices which is estimated to reach 50 billion in 2020 [1] , and the escalation in data traffic estimated to reach zeta bytes per second in 2020 [2] have fueled the demand for millimeter-wave multigigabit transmission. The complexity of electrical generation and the high path loss and penetration loss demands for the mixed radio and fiber architecture. The generation of millimeter wave using MZM is widely adopted for applications such as WDM Radio over Fiber (RoF), software defined radio, broadband wireless communication and spread spectrum [3] . Several schemes of mm-wave generation using MZM based Radio over Fiber is demonstrated and Optical up-conversion with frequency multiplication offers a superior performance in terms of reduced transmission loss, low spectrum, relaxed electrical bandwidth requirement and best receiver sensitivity [4] - [7] . However, independent of the modulation adopted the MZM exhibits a nonlinear electro-optic (E/O) conversion response [4] , [8] - [11] . The requirements for high data rate leads to the adoption of OFDM that has high spectral efficiency. But, with adoption of OFDM the system turns sensitive to nonlinear distortion of MZM. The nonlinear effects distorts the signal both in-band and out of band which is measured in terms of bit error rate (BER), error vector magnitude (EVM) and adjacent channel leakage ratio (ACLR) [12] . There are several linearization techniques proposed for reduction of MZM nonlinearity in RoF system [13] [14] . Several optical linearization techniques are proposed for reduction of MZM nonlinearity in RoF system [13] [14] . The major optical linearization techniques are mixed polarization, dual wavelength and optical channelization. Optical linearization technique that includes mixed polarization, dual wavelength and other optical linearization method except the optical channelization, have similar principle of operation. The mixed polarization method utilizes polarization dependent optical transmission for reduction of second and third order nonlinearity by adjusting the polarization angles of the signal. The major disadvantage of the mixed polarization is the suppression of a part of linear component along with the nonlinear components and the impossibility of reduction of second and third order at a time [13] - [18] . Similar to mixed polarization method the dual wavelength method utilized two wavelengths which have the nonlinear components in antiphase therefore gets cancelled [19] - [21] . In optical channelization a predistortion is generated by extracting the nonlinear baseband signal and adding it to the optical transmission by another optical modulator and thereby the nonlinear components are removed at coherent detection if they are of opposite phase [22] - [24] . Furthermore the nonlinearity suppression by cascaded MZM or combining two parallel MZMs are proposed and analyzed [25] - [28] based on C/CTB ratio.
II. FREQUENCY DISTRIBUTION OF NONLINEAR DISTORTION PRODUCTS
The carrier to composite second order (C/CSO) and the carrier to composite triple beat (C/CTB) product ratio are the significant performance metric in evaluating the nonlinearity and compensation possibility of the MZM architecture[30] as the ratios clearly indicate that higher the ratio the lower the nonlinearity. The ratio in general should be greater than 60 dB and to attain a reduced CSO and CTB the modulation index which is the dependent function of the RF signal should be small which however would increase the carrier to noise ratio. The C/CTB ratio of the MZM architectures is analyzed using N-Channel HFC CATV system. The intermodulation distortion occurs at sum and difference of integer multiples of fundamental frequencies. The second order distortion is greater concern for broadband applications and the third order distortion in narrow band applications. The distortion of the systems are function of sum and difference of carrier and the RF frequency. The number of CSO product to appear in a RF channel can be estimated as
where, N is carrier numbers, f is the carrier spacing, fL, fH and f are low high and examined channel frequency respectively. It can be clearly observed that the CSO is maximum at low and high frequency channels. Furthermore, the CSO at low frequency is double than the high frequency.
Figure 1: Distribution of CSO products over frequency
The number of third order intermodulation distortion can be calculated as
where, M is the number of RF channels. The frequency distribution of CTB simulated for the specification based on the literature by L. T. Jordanova et. al. [30] , is shown in Figure  2 . The maximum number of CTB product is attained when M = (N+1)/2, which is given as When bias is /2 the CSO is suppressed, therefore it is significantly sufficient to estimate the CTB at the central frequency in order to estimate the nonlinear distortion.
III. REDUCTION OF MZM NONLINEARITY USING CASCADED DDMZM AND DPMZM
The cascaded architecture of DDMZM and DPMZM is proposed and adopted in this research for the reduction of MZM nonlinearity. The proposed architecture is depicted in Figure 3 .4. The cascaded architecture is analyzed based on the C/CTB ratio and specification discussed in section 2.8 and compared with the DCMZM and DPMZM architecture. The output power at the second stage of the cascaded architecture is [4] where s is the splitting ratio, k is the ratio of the electrode length of MZMs, m is the modulation index, N is the number of channels, Pin is optical input power.
Applying the trigonometric transformation and Bessel function, the power of the carrier, second order and composite triple beat can be written as 
IV. CONCLUSION
The proposed cascaded DDMZM and DPMZM architecture have shown a significant results in the reduction of MZM nonlinearity compared to the conventional MZM, DPMZM and DC MZM configuration. Furthermore the results clearly indicate that the employment of cascaded architecture facilitates the increase in the modulation index with reduced distortion and thereby an improved CNR can be achieved.
